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METHANE EMISSIONS FROM AN ADVANCING COAL MINE SECTION 
IN THE PITTSBURGH COALBED 
by 
Pe We.Jeran, De He Lawhead, and Me Ce lrani 
ABSTRACT 
The methane emissions from an advancing coa l  mine s e c t i o n  were c o n t i n -  
uously monitored f o r  120 days.  During t h i s  t ime,  t h e  s e c t i o n  advanced 
2,000 f e e t  i n t o  v i r g i n  P i t t s b u r g h  coalbed producing 54,565 tons of c o a l  wi th  
a t o t a l  methane emission of 91 m i l l i o n  f t 3 .  Analysis  of t he  da t a  gathered 
showed t h a t  d a i l y  methane emissions d id  no t  c o r r e l a t e  wi th  overburden t h i c k -  
nes s  and d a i l y  coa l  product ion.  A good c o r r e l a t i o n  was found between t h e  
d a i l y  methane emission and t h e  average l eng th  of r i b  exposed t o  v i r g i n  coa l .  
INTRODUCTION 
Methane gas i s  a hazard i n  underground coa l  mining. It e n t e r s  t he  mine 
v e n t i l a t i o n  system from t b e  breakup of c o a l ,  from the  face  and v i r g i n  r i b s ,  
and from t h e  gob. Each of t he se  sources  c o n t r i b u t e s  t o  t he  t o t a l  emission 
from t h e  mine, which can be monitored by a cont inuous-recording methanometer 
(4 ) , 4  i n s t a l l e d  a t  t h e  exhaust  fans  of t h e  mine. However, t o  i d e n t i f y  and 
s tudy  the  f a c t o r s  t h a t  determine methane emission,  each ind iv idua l  underground 
source  must be monitored s e p a r a t e l y .  A system of  underground methanometers 
has  been developed f o r  t h i s  purpose (2).  
Based on a survey of t h e  average d a i l y  methane emissions from mines i n  
i n d i v i d u a l  major coalbeds (z), a c o r r e l a t i o n  was developed between t o t a l  mine 
emission measured a t  exhaust  fans  and depth and product ion.  To determine i f  
methane emissions from a l o c a l  working p l ace  would show the  same c o r r e l a t i o n ,  
t h e  methane emi t ted  from an  advancing s e c t i o n  was monitored cont inuously while 
t he  s e c t i o n  was mined under a range of overburden th i cknes se s .  The working 
p l ace  chosen was remote from p r i o r  mining and r e l a t i v e l y  f r e e  from s t r a t i -  
g r aph ic  o r  geologic  s t r u c t u r a l  changes,  i n  t h e  P i t t sbu rgh  coalbed,  a t  t h e  
Consol ida t ion  Coal Co. ' s  Loveridge mine near  Fairview,  W .  Va. 
lGeologis  t . 
a ~ i n i n g  engineer ing  t echn ic i an .  
3 ~ i n i n g  engineer .  
4 ~ n d e r l i n e d  numbers i n  paren theses  r e f e r  t o  t he  i tems i n  t h e  l i s t  of 
r e f e r ences  a t  t he  end of t h i s  r e p o r t .  






FIGURE I. - Locat ion sketch map of  5 North bleeders. 
During 1973, t h i s  mine was known t o  have produced a n  average  of  
10,000 t ons  d - l ,  w i th  an  average methane emission o f  12.1 m i l l i o n  f t 3 d - I  
(2) .  The mine has  two s e t s  of  mains d r iven  i n t o  t h e  v i r g i n  coa l .  A set 
of  e n t r i e s  d r i v e n  o f f  e i t h e r  of t h e s e  mains,  remote from p a r a l l e l  workings,  
would m e e t  t h e  needs of  t h e  proposed i n v e s t i g a t i o n .  
The 5 North b l eede r s  o f f  West mains was chosen f o r  t h e  experiment 
( f i g .  1 )  The geo log i ca l  reconnaissance and t h e  s tudy  of t h e  c o r e  l ogs  
i n d i c a t e d  t h a t  t h e  coalbed and ad j acen t  s t r a t a  should be  uniform throughout 
t h e  p r o j e c t e d  development. 
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GEOLOGY 
The topography over  t h e  mine has  a  wel l -developed d e n d r i t i c  d ra inage  
p a t t e r n ,  which has  l e f t  narrow r i d g e s  between t y p i c a l l y  V-shaped stream 
v a l l e y s .  The r e l i e f  between r i d g e  and v a l l e y  e l e v a t i o n s  averaged 450 f e e t .  
The s t r u c t u r e  of t h e  P i t t s b u r g h  coalbed shown i n  f i g u r e  2  was compiled 
from company suppl ied  d a t a .  The coalbed g e n t l y  d i p s  nor thwest  toward t he  
a x i s  of t h e  Waynesburg s y n c l i n e  l o c a t e d  beyond t h e  wes te rn  boundary of t h e  









FIGURE 2. - Structure of base of Pit tsburgh FIGURE 3. - Columnar sect ion Pit tsburgh 
coal bed. through Redstone coal  beds. 
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FIGURE 4. - Locat ion map of core test FIGURE 5. - lsopach of Pit tsburgh coalbed. 
boreholes. 
Figure 3 shows the  major l i t h o l o g i e s  immediately above the  Pi t t sburgh 
coalbed wi th in  the  mine proper ty .  Using the d r i l l e r ' s  logs  from the  core 
t e s t  holes  loca ted  i n  f igu re  4 ,  a s e r i e s  of maps were drawn t o  examine 
l i t h o l o g y  v a r i a t i o n s  over the  mine property.  These maps showed no abrupt  
changes i n  t h e  l i t h o l o g i e s  over the  P i t t sburgh  coalbed wi th in  the  mine a r e a .  
The isopach of P i t t sburgh  coalbed ( f i g .  5) shows i t  t o  be continuous and 
f a i r l y  uniform i n  thickness wi th in  the  mine property.  
A geologic reconnaissance and s t r u c t u r a l  survey of the  a v a i l a b l e  mine 
workings showed well-developed coal  c l e a t  (8) t h a t  r o t a t e s  clockwise s l i g h t l y  
from N 74" W i n  the  south t o  N 70" W i n  t h e n o r t h .  Two small normal f a u l t s  
of l imi t ed  l a t e r a l  extend were judged t o  be l o c a l  and a t t r i b u t e d  t o  s e d i -  
mentary slumping. No c l ay  ve ins  were observed i n  the a c t i v e  workings. 
DATA SOURCES 
The methane analyzer  system (2) developed a t  the  Bureau of Mines was used 
f o r  continuous recording of the  volume-percent of methane i n  the  v e n t i l a t i o n  
a i r  a t  s e l ec ted  loca t ions .  Bas ica l ly ,  the  system i s  composed of sensor 
assemblies i n s t a l l e d  a t  des i red  loca t ions  i n  the  mine, power suppl ies  f o r  the  
sensor assemblies loca ted  i n  f r e s h  a i r  underground, and a c e n t r a l  rece iv ing  
s t a t i o n ,  genera l ly  loca ted  a t  t he  su r face ,  . t ha t  records the  output from each 
sensor .  The r e s u l t i n g  da ta  a r e  accura te  t o  k0.04 vol -pc t  methane i n  a i r  on a 
s c a l e  from 0 t o  2 pc t .  , 
The mine opera tors  provided copies of mine maps and d a i l y  coal  production 
f i g u r e s .  The a i r  readings used i n  a l l  ca l cu la t ions  were provided by mine 
personnel .  
M I N I N G  HISTORY 
The 5 North b leeders  a r e  a s e t  of f i v e  e n t r i e s  driven on 60-foot cen te r s  
no r th  o f f  West mains ( f i g .  6 ) .  The sec t ion  was advanced 2,700 f e e t  i n t o  
v i r g i n  coa l .  This sec t ion  mined under overburden t h a t  decl ined from an 
average 1,350 f e e t  over room 7 ( the  poin t  where monitoring began) t o  an  
average 950 f e e t  over room 27. The nea res t  p a r a l l e l  workings were almost 
4,000 f e e t  away. 
Throughout the  mining of the sec t ion ,  the  coal  and adjacent  s t r a t a  
remained a s  shown i n  f i g u r e  3.  The only d i scon t inu i ty  was a c l ay  ve in  f i r s t  
encountered inby room 11 i n  the  r i g h t  r e t u r n  airway and subsequently mined 
through by a l l  t he  e n t r i e s  ( f i g .  7 ) .  This c l ay  ve in  d id  not  exceed 12 inches 
i n  thickness and extended from roof t o  f l o o r .  I t s  ex ten t  t o  the  l e f t  and 
r i g h t  of the  sec t ion  i s  undetermined. 
Mining up t o  the  c l a y  ve in  was r ap id  with production of coa l  averaging 
over 1,000 tons d- l  and gas emissions of l e s s  than 400,000 f t3d ' l .  When mining 
encountered the  c l a y  ve in ,  gas emission increased and coal  production decl ined.  
Mining around the  wel l  block between rooms 15 and 17 was slowed by gas emis- 
s i o n  and v e n t i l a t i o n  problems due t o  the  i r r e g u l a r  e n t r i e s .  Methane emissions 




FIGURE 6. - Sketch map of FIGURE 7. - Sketch map of clay vein location. 
5 North bleeders. 
At room 23, the decision was made to shorten crosscut center lines to 80 feet 
to improve ventilation. A zone of heavy roof encountered between rooms 19 and 
21 required additional roof bolts. Some of the bolt holes were reported to 
have audible gas emissions. Mining ceased on January 4, 1974, at room 27. 
MONITORING HISTORY 
Monitoring began on September 7, 1973. Additional sensors were installed 
as mining progressed (fig. 8). At the time of installation, each sensor was 
generally 100 feet back from the active face. All sensors were located in the 
return airways except sensor 1, which was used to monitor the intake air. 







Scale, f t  
l o c a t i o n  1g when mining had reached t h e  
w e l l  b lock  t o  determine i f  any gas was 
e n t e r i n g  t h e  i n t a k e  a i r  from the  c l a y  
v e i n ,  and t hen  t o  l o c a t i o n  1 C  t o  d e t e r -  
mine i f  any gas was enter ing- the i n t a k e  
a i r  from t h e  w e l l  b lock ( f i g .  9 ) .  
Ne i the r  t h e  c l a y  v e i n  nor  t h e  we l l  
b lock  c o n t r i b u t e d  methane t o  t he  i n t a k e  
a i r  a f t e r  t h e  f a c e  had been advanced 
p a s t  them. 
During t h e  exper iment ,  t h e  s enso r  
n e a r e s t  t h e  f a c e  only once recorded a  
h ighe r  methane volume-percent t han  
t hose  l o c a t e d  outby. This  was when t h e  
c l a y  v e i n  was mined through. A t  a l l  
o t h e r  t i m e s  t h e  peak volume-percent 
occur red  from 1 ,000  t o  1 ,500 f e e t  outby 
t h e  f a c e  i n d i c a t i n g  a  l a r g e  gas emis-  
s i o n  from t h e  r i b s .  
DISCUSSION 
I n  t h e  120 days of  moni tor ing,  
t h i s  s e c t i o n  emi t t ed  a  t o t a l  of 
91 m i l l i o n  f t 3  of methane, o f  which 
49 m i l l i o n  f t 3  came from t h e  l e f t  s i d e  
and 42 m i l l i o n  f t 3  came from t h e  r i g h t .  
The s l i g h t l y  lower emissions from t h e  
. . 
r i g h t  a r e  a t t r i b u t e d  t o  some d e p l e t i o n  
FIGURE 8; - Sketch map of sensor assembly of gas  in the virgin coal to t h i s  s i de  
locations. due t o  t h e  development 3  yea r s  e a r l i e r  
of t h e  3  North mains some 4,000 f e e t  d i s t a n t .  
F igure  10  shows t h e  con t inua l  r i se  of emissions throughout t h e  experiment 
from almost  300,000 f t 3d -1  i n i t i a l l y  t o  over  1 . 2  m i l l i o n  f t3d-1  a t  t he  end, 
whereas bo th  overburden th ickness  and d a i l y  c o a l  p roduc t ion  dec l i ned .  Emis- 
s i o n s  gene ra l l y  dec l i ned  dur ing  i d l e  pe r iods .  
TIME, days 
FIGURE 9. - Graph of  average da i l y  methane volume-percent recorded from sensor 1. 
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FIGURE 10. - Graph o f  da i l y  methane emis- FIGURE 11. - Graph of average da i l y  meth- 
s ions from 5 North bleeders, ane emissions during ~ r o d u c -  
t ion and id le  periods. 
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To e v a l u a t e  t h e  emission due t o  c o a l  p roduc t ion ,  t h e  average methane 
emissions dur ing  produc t ion  per iods  and i d l e  pe r iods  were c a l c u l a t e d  and 
p l o t t e d  ( f i g .  1 1 ) .  The average emissions were found t o  i n c r e a s e  wi th  t i m e ,  
and average d a i l y  emissions on weekends g e n e r a l l y  exceeded average d a i l y  
emissions dur ing  t h e  preceeding produc t ion  pe r iod .  
The d a t a  from t h e  methane s enso r s  c l o s e s t  t o  t h e  f a c e  and t h e  average  
d a i l y  a i r  volumes recorded a t  t h e  f a c e  were used t o  c a l c u l a t e  t h e  volumes 
of methane e n t e r i n g  t h e  mine inby t h e s e  s e n s o r s .  This  amounted t o  41  m i l l i o n  
f t 3 ,  o r  l e s s  than  h a l f  of t h e  t o t a l  gas from t h e  s e c t i o n .  Thus, most of t h e  
methane came from t h e  r i b s .  The 41 m i l l i o n  f t 3  i nc ludes  t h e  emissions from 
between 100 and 500 f e e t  o f  v i r g i n  r i b  between t h e  sensor  l o c a t i o n  and t h e  
a c t i v e  f a c e .  The (average)  l eng th  of v i r g i n  r i b  exposed ve r sus  t i m e  was 
p l o t t e d .  The r e s u l t a n t  curve  ( f i g .  12) i s  s i m i l a r  t o  t h a t  of average  gas 
emissions du r ing  produc t ion  and i d l e  pe r iods .  Based on t h i s  s i m i l a r i t y ,  a  
p l o t  was made of d a i l y  methane emissions ve r sus  average l e n g t h  of v i r g i n  
r i b  ( f i g .  1 3 ) .  A l i n e a r  r e g r e s s i o n  of t h e s e  d a t a  y i e lded  ( I ) - -  - 
DME = 499L - 103,921 , 
where DME = d a i l y  methane emissions ( f t 3 d - l )  
and L  = average l e n g t h  of  v i r g i n  r i b  ( f t )  
w i th  a  c o r r e l a t i o n  c o e f f i c i e n t  of 0.98. A c o r r e l a t i o n  c o e f f i c i e n t  of 1 .0  
i n d i c a t e s  a  p e r f e c t  f i t  of t h e  l i n e  t o  t h e  d a t a .  I n  t h i s  s i t e ,  t he  methane 
emissions c o r r e l a t e  d i r e c t l y  w i t h  t h e  l e n g t h  of t he  v i r g i n  r i b  wi th  95 p c t  of 
t h e  v a r i a t i o n  i n  t h e  emissions expla ined  by t h e  l e n g t h  of v i r g i n  r i b .  
TIME, days 
4 8 12 16 20  2 4  28  
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FIGURE 12. - Graph of average length of FIGURE 13. - P lo t  of dai ly  methane emis- 
virgin r ib  exposed. sion versus average length 
of r ib  exposed. 
K i s s e l l ,  McCulloch, and Elder (z) have reported the  methane content of 
the  v i r g i n  ~ i t t s b u r g h  coalbed i n  the  Loveridge mine a rea  t o  be 5.8 cm3g'1 or  
about 186 f t 3  t o n - l .  I f  a l l  of t h i s  gas i s  assumed t o  have been present  
p r i o r  t o  mining and a l l  of i t  re leased  during mining, the  54,565 tons mined 
would only have cont r ibuted  10 m i l l i o n  f t 3 .  Adding the gas from the  out l ined  
p i l l a r s  only accounts f o r  29 mi l l ion  f t 3  of methane, leaving 68 pc t  of the  
t o t a l  methane emissions t o  come from the  surrounding v i r g i n  coalbed. 
K i s s e l l  and Deul (6) have repor ted  t h a t  the  breakage of coal  a t  the  face 
con t r ibu tes  l i t t l e  t o  methane emissions. We know t h a t  the  coal  a t  the  face 
does not conta in  methane under pressure and the re fo re  i t s  methane content  i s  
s i g n i f i c a n t l y  below the  5 .8  cm3g-1 reported by K i s s e l l ,  McCulloch, and Elder .  
The methane emissions must the re fo re  come from the  v i r g i n  r i b s ,  and the  da ta  
gathered i n  t h i s  experiment v e r i f y  t h i s .  
With the  instruments used i n  t h i s  experiment, i t  i s  now poss ib le  t o  
monitor continuously and simultaneously methane emissions from seve ra l  s ec -  
t i o n s  of a  mine f o r  long periods of time. The r e s u l t a n t  data would i s o l a t e  the 
v a r i a t i o n s  i n  methane emissions from indiv idual  sec t ions  of the  mine and 
al low more d e t a i l e d  study of the  parameters con t ro l l ing  methane emissions i n  
l o c a l  a r e a s .  
I n  t h e  advancing s e c t i o n  used f o r  t h i s  s t udy ,  t h e  rock s t r a t a  above and 
below t h e  c o a l  were n o t  s i g n i f i c a n t l y  d i s t u r b e d .  I n  r e t r e a t  mining, t h e s e  
a d j a c e n t  rock s t r a t a  would be d i s t u r b e d  and any gas t h a t  they conta ined  would 
e n t e r  mine workings.  
S UMMARY 
A 5 - en t ry  s e c t i o n  was monitored f o r  120 days f o r  methane emiss ions .  
During t h i s  t ime,  t he  s e c t i o n  advanced about  2,000 f e e t  i n t o  v i r g i n  P i t t s b u r g h  
coa lbed .  Although overburden and d a i l y  c o a l  p roduc t ion  dec l i ned ,  d a i l y  gas 
emiss ions  i nc r ea sed .  
The d a t a  accumulated i n d i c a t e  t h a t  a  l a r g e  p a r t  o f  t h e  methane e n t e r i n g  
t h e  s e c t i o n  came n o t  from t h e  immediate f a c e  bu t  from t h e  r i b s  a d j a c e n t  t o  
v i r g i n  c o a l .  This  i s  c l e a r l y  i l l u s t r a t e d  by a  graph of d a i l y  methane emis-  
s i o n s  ve r sus  t h e  l e n g t h  of v i r g i n  r i b  exposed ( f i g .  13 ) .  Furthermore,  l i n e a r  
r e g r e s s i o n  of t h e  graphed d a t a  shows t h a t  95 p c t  of  t h e  v a r i a t i o n  i n  methane 
emiss ion  i s  a t t r i b u t a b l e  t o  t he  l eng th  of  v i r g i n  r i b .  
A t  t h e  s tudy  s i t e ,  t h e  primary source  of methane i s  t h e  surrounding 
v i r g i n  coa lbed ,  and t h i s  s e c t i o n  a c t e d  l i k e  a  long  borehole  d r i l l e d  i n t o  a  
gas  r e s e r v o i r - - t h e  d a i l y  volume of methane produced i nc rea sed  w i t h  borehole  
l eng th .  
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